The function of sleep remains largely unknown, but one prevalent hypothesis is that sleep is involved in reprocessing memory traces and leads to memory consolidation. Two papers in this issue strengthen this hypothesis considerably by providing evidence that sleep, particularly slow wave sleep, is absolutely required for improvement on a visual discrimination task.
To appreciate the advance of these new studies, it is helpful to review what is known about the role of sleep in memory consolidation, and to remember that there are two main types of sleep. Slow wave sleep (SWS) is mostly expressed early in the night and is characterized by large-amplitude, low-frequency electroencephalographic (EEG) oscillations. In contrast, rapid eye movement (REM) sleep increasingly occurs late in the night and is identified by low-amplitude, relatively fast rhythms on EEG recordings, by ocular saccades and by muscular atonia.
In animals learning a new task, subsequent REM sleep increases 1,2 until the animal has mastered the task 1 . Conversely, performance on various tasks is severely impaired when sleep deprivation follows training sessions in rats 1, 2 . Likewise, in humans, increases in REM sleep are reported after training on some tasks (learning Morse code 3 , artificial inversion of the visual field 4 ), and sleep deprivation impairs performance on recently learned tasks 2 . However, these early studies had two main weaknesses. First, in the human studies, the tasks were not always easily categorized in terms of the now-recognized implicit and explicit memory systems. Second, the sleep deprivation studies did not include sufficient controls-leading to the possibility that impairment could have been due to nonspecific effects of sleep deprivation, such as decreased arousal and motivation and increased stress.
Both studies tested the implicit learning of a visual discrimination skill 6 . In this task, a target screen is briefly presented, with either a vertical or horizontal array of diagonal bars embedded in one visual quadrant against a background of horizontal bars. The target screen is followed by a blank screen for a variable interstimulus interval (ISI), and then by a mask (a screen filled with V or L letters). The subject is asked to identify the orientation of the array, and his or her performance is estimated by the minimum ISI corresponding to 80% of correct responses. With this task, improvement is known to require that subjects sleep before retesting ( Fig. 1) . The two new papers extend this result substantially by demonstrating that the first night after training is crucial for skill acquisition and that both early (mainly SWS) and late (mainly REM) sleep are needed to reach optimal performance.
The paper by Stickgold et al. 10 suggests that sleeping during the night after a single training session is critical to skill acquisition. Subjects who were sleep deprived during this night showed virtually no performance improvement on the following days. In contrast, subjects allowed to sleep immediately after training showed a significant enhancement in their performance, as early as the first day following training and during the whole ensuing week. The ingenious protocol set up by Stickgold et al. controls for possible indirect deleterious effects of sleep deprivation on performance because the sleep-deprived group was tested after two full nights of recovery sleep (three nights after the training session). These results suggest that the first night of sleep is crucial for acquisition of the new visual skill; sleep after training has an obligatory, not a permissive, role in the consolidation of memory traces.
What happens during this first night
More recent studies addressed one or both of these criticisms, and two further questions emerged. The first pertains to the differential role of SWS and REM sleep in the processing of implicit and explicit memory traces. Slow wave sleep deprivation seems to particularly impair episodic memories (memories that can be consciously recollected) 5 . In contrast, REM sleep deprivation is specifically deleterious for implicit learning (where performance improvement is not associated with the ability to consciously recall the memory traces underlying the improvement) 2, 5, 6 . However, this general scheme might be oversimplistic because other data suggest that optimal implicit learning requires sufficient amounts of both SWS and REM sleep 7 , or even the direct succession of SWS by REM sleep periods 8 .
The second question concerns whether sleep is an absolute requirement for memory consolidation-or if sleep only provides favorable conditions for the processing of memory traces. For example, characteristic discharge patterns in hippocampal population recordings (sharp waves and ripples) occur in both SWS and quiet waking 9 . This peculiar pattern of activity, rather than SWS per se, might be sufficient for memory processing. In this view, sleep might have a permissive, non-obligatory, role in memory trace processing.
The two papers in this issue provide key findings related to these two questions. 
Sleep on it!

Pierre Maquet
Practicing a procedural memory task does not improve performance until hours later. Two new studies show that sleep is absolutely necessary for this memory consolidation.
Keep your eye off the ball
The frequently heard coach's advice, "Keep your eye on the ball", may not be the best approach, suggests a new study on page 1236 of this issue. The authors used the cricket batsman's challenge (how to react to a fast-approaching ball) to address how athletes use visual cues to produce rapid and accurate motor responses. Previous theories proposed that a batsman must use direct visual measurements, such as image expansion or the rate of change of binocular disparity, to predict the ball's trajectory. However, given that the batsman has only a fraction of a second to monitor such visual cues, it has been controversial whether these parameters could be measured accurately enough to guide the correct response.
Land and McLeod took a new approach to this problem by monitoring the eye movements of batsmen as the ball was approaching, to determine what type of visual information they were actually collecting. The authors monitored the eye movements of three cricket batsman of widely varying skill, and found that, in general, they made a similar sequence of eye movements. Their eyes followed the ball's trajectory for a short period after release, then made a saccade below the ball to the site where it would be predicted to bounce. They then fixated again on the ball as it bounced, and followed its upward trajectory for approximately 200 ms afterward. The parameters that best distinguished most skilled from least skilled batsmen were the speed and variability of the initial saccade. The best batsman had the shortest delay between the ball's release and saccade initiation, and also used different saccade timing and magnitude for different ball trajectories. Therefore, the cricket batsman prepares his response to an oncoming ball by quickly assessing its predicted trajectory and directing visual attention to appropriate regions of the visual field with a precisely timed sequence of eye movements.
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